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1 Introduction

Under the default association that was agreed as a baseline in RAN2#101bis, there can be 1/2, 1, or 2 paging occasions per frame.  This document analyses the capacity implications of this decision and discusses how paging occasions could be configured for greater capacity.
2 Discussion
Capacity of the baseline scheme
In the baseline scheme, FR1 deployments have paging opportunities spaced at minimum 20 ms intervals, i.e. up to 1/2 paging occasion per frame.  FR2 deployments can have up to 2 POs per frame.

In NR, according LS R2-1803989 [1], a maximum of 3000 bits TB size is supported for paging in NR. The UE ID used in paging could be 5G-S-TMSI or I-RNTI. The size of I-RNTI has been agreed as 52 bits. The 5G-S-TMSI was agreed to be extended to 48 bits in LS [S2-184501]. The size of I-RNTI is also needed to be reduced due to msg3 size restriction, but in this evaluation 52 bits I-RNTI is still used before new size of I-RNTI is agreed. Thus the number of UEs per PO would be:

Number of UEs per PO in NR ≤ 57 - 62 UEs ( (3000/52( - (3000/48( )

Considering the overhead of the paging message, the maximum number of UEs in one paging message could be between 56 and 61 in NR.

Proposal 1: The maximum supported number of UE in one paging message is between 56 and 61 in NR depending on the UE identity used in paging message.
By comparison, LTE can page 16 UEs per paging message with up to 4 POs per frame, leading to a capacity of 64 pages per 10-ms frame.  Considering the different cases of the NR multiplexing pattern, the comparative capacity depends on the number of available paging occasions per radio frame.

The average paging capacity can be evaluated based on average number of UEs for different UE IDs as below:

Paging capacity of NR = PO number per radio frame * (56+61)/2 per 10ms.It can be seen that one PO per frame in NR would achieve the same maximum paging capacity of LTE. If larger paging capacity is required to be supported, then a larger PO density would be required. Table 1 illustrates the paging capacity of NR depending on the supported PO density:

	Paging capacity in NR
	PO density
	Paging capacity Comparing with LTE

	58 UEs per 10ms
	1 PO per frame
	similar capacity as LTE

	116 UEs per 10ms
	2 PO per frame
	2x capacity of LTE

	232 UEs per 10ms
	4 PO per frame
	4x capacity of LTE


Table 1: PO density and paging capacity
Observation 1: To achieve a similar paging capacity as LTE, the required PO density in NR is one PO per radio frame.
Proposal 2: NR should support a PO density of at least 1 PO per radio frame.
It has been agreed in last RAN2 meeting that “The length of one PO in case of beam sweeping is one period of beam sweeping”. If we assume that in each slot we will only transmit Paging DCI for 1 beam, then to support a density of one PO per radio frame would require a number of slots in a radio frame equal to the number of beams. For example, in the case of SCS 15 KHz and L=8, the length one PO would require 8 slots (8 msec.) In other words, one PO could encompass 80% of the slots in the radio frame.  

For TDD, there is a need to leave gaps in a PO for UL slots [2]. Then the actual PO length would be even longer. It can be seen that one PO per radio frame may not be possible for some NR numerologies, unless more than one PO is supported in one slot (more than 1 paging DCI can be transmitted in the same slot). 

Observation 2: One PO per frame is not guaranteed for all NR numerologies, if we assume 1 paging DCI (1 PO) per slot.
Using the default association as a baseline, for pattern1, NR cannot consistently offer 1 PO per radio frame.  The capacity of the baseline scheme is as shown in Table 2.

	LTE
	FR1 (1 PO/20 ms)
	FR2 (1 PO/10 ms)
	FR2 (2 PO/10 ms)

	6400 pages/sec
	2800-3050 pages/sec
	5600-6100 pages/sec
	11200-12200 pages/sec


Table 2: Paging capacity in different scenarios

Observation 3: The default association prohibits configuring 1 PO per radio frame in some scenarios even when the length of the beam sweeping pattern and need for uplink slots are not considered.
In other words, FR2 deployments can match or exceed the paging capacity of LTE, but in FR1 the paging capacity is significantly decreased compared to LTE.  This could be especially problematic in mixed FR1/FR2 deployments that use FR1 as the coverage layer (therefore doing most or all of their paging there).  It therefore seems useful to investigate ways to increase the paging capacity, especially in FR1.

Proposal 3: Consider approaches to increase the paging capacity beyond the baseline scheme.

Time and frequency multiplexing

Additional paging occasions could be multiplexed with the existing ones in time and/or frequency.  However, time multiplexing has the problem that it decouples paging occasions from SS block transmissions, which makes it difficult for a UE to wake up, obtain sync, and immediately receive paging.  It would also tend to be disruptive to the formulae for computing the PF and PO timing, making it more difficult to reuse the LTE principles for these formulae.  Frequency multiplexing as shown in Figure 1 could therefore be more attractive, e.g. by subdividing the paging CORESET into multiple smaller CORESETs.
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Figure 1: Configuration of frequency-multiplexed paging occasions

Multiple paging DCIs
As an alternative to multiple CORESETs as in the previous section, it could be considered to associate different paging occasions with different DCIs, and allow multiple DCIs to be scheduled within the same CORESET, as shown in Figure 2.
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Figure 2: Multiple PDCCHs within the paging CORESET

Compared with frequency multiplexing of different CORESETs, this allows more scheduling flexibility for the gNB.  There is no increase in decoding effort since a UE only has to decode one DCI (which could be determined by a hash of the UE ID).

Proposal 4: Multiple PDCCHs can be multiplexed by different DCIs within the paging CORESET.

Proposal 5: The UE hashes to one of the DCIs and is only required to monitor that DCI for paging.

3 Conclusion
Proposal 1: The maximum supported number of UE in one paging message is between 56 and 61 in NR depending on the UE identity used in paging message.
Proposal 2: NR should support a PO density of at least 1 PO per radio frame.
Proposal 3: Consider approaches to increase the paging capacity beyond the baseline scheme.

Proposal 4: Multiple PDCCHs can be multiplexed by different DCIs within the paging CORESET.

Proposal 5: The UE hashes to one of the DCIs and is only required to monitor that DCI for paging.
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